INTRODUCTION
============

Colorectal cancer (CRC) is one of the commonly diagnosed cancers, the incidence and mortality of which are increasing worldwide every year \[[@B1]\]. Many research efforts have shown that it is highly correlated with various factors such as older age, gender, alcohol use, smoking, and intake of fatty foods, suggesting that individual prevention by controlling the potential risk factors can be the best strategy to reduce the incidence of CRC \[[@B2],[@B3]\]. Substantial progress, of course, has been made over decades in the treatment of various types of cancers, as well as CRC. However, tools of management are still based on surgery, chemotherapy, radiation, and use of anticancer drugs. Along with these treatments, searches for different modalities to treat cancer diseases have been stressed in clinics \[[@B4]\], and immunotherapy has recently come into the spotlight as a promising new anticancer strategy \[[@B5],[@B6]\].

The immune system consists of multiple components, such as cells and molecules, that cross talk in response to surrounding stimuli, giving rise to immunity resulting from the integration of a variety of immune responses to sustain immune homeostasis \[[@B7],[@B8]\]. Accordingly, breach of the immune system can cause serious problems in maintaining a physiological steady state. Indeed, numerous trials in both laboratories and clinics have been conducted in order to unveil the implications of the immune system for cancer progression, and many remarkable immune markers and phenomenon have been identified to explain cancer immunity \[[@B9]\].

As key players in the innate immune system, natural killer (NK) cells constitute one of three major lymphocyte subsets in all vertebrates. Since their first identification in a mouse study in 1975, NK cells have been ranked in the primary position as one of the most extensively studied subjects in immunology, and the focus has been on their ability of natural cytolytic activity against host-derived malignant cells in the absence of prior sensitization \[[@B10],[@B11]\]. Because of the results from accumulated studies on the crucial functions of NK cells in tumor immunosurveillance, clinicians have started paying attention to the potential implications of NK cells for diagnosis, treatment and prognosis in tumor development and progression \[[@B12]\]. *In vitro* measurement of NK cell cytolytic activity by using cancer cell lines have been performed for a long time as one of the more reliable methods to assess cellular innate immunity in a variety of cancer diseases \[[@B13]\]. However, strictly speaking, the conventional method of NK-cell-based cytolytic activity measurement is likely to merely represent *in vitro* single-cell activity rather than the total cellular immunity generated from cellular interactions in the actual environment of the blood stream.

From this point of view, we devised a simple method in which a more substantial environment of cell-to-cell contact could be created using *in vitro* preparation of peripheral blood mononuclear cells (PBMCs). By considering fluctuations in the immune cells circulating in the blood, we assessed cytolytic activity of those immune cells in CRC patients and healthy donors to verify whether this method would be useful for evaluating cancer-related immunity.

METHODS
=======

Blood collection and PBMC isolation
-----------------------------------

Under the informed written consent according to the Institutional Review Board guidelines of Seoul Song Do Colorectal Hospital, peripheral whole blood was obtained randomly from CRC patients (n = 94) and healthy donors (n = 112) who were free from any kind of immune diseases. For patients, blood samples were obtained at one week before and after the laparoscopic surgery. Seven mililiters of heparinized blood collections were immediately processed by using Ficoll-hypaque density gradient centrifugation (GE healthcare, Uppsala, Sweden) at 1,500 g for 20 minutes at 28℃. Buffy coat layers including PBMCs were isolated and washed twice in phosphate-buffered saline (PBS). PBMCs were then centrifuged at 350 g for 5 minutes at 28℃ to completely remove PBS. The cell pellet was resuspended in 700 µL of complete RPMI 1640 media (Welgene, Daegu, Korea) with 5% (v/v) fetal bovine serum (FBS; Gibco, Grand Island, NY, USA) and 1% (v/v) penicillin-streptomycin (Gibco). In parallel, 5 mL of ethylenediaminetetraacetic acid-treated blood collections were tested by using a Sysmex XE-2100 automated hematology analyzer (Sysmex, Kobe, Japan).

Cancer cell lines
-----------------

K562 cells, human leukemia cell line sensitive and specific to NK cells, were kindly gifted by Dr. Yeon-Sook Yun, Korea Institute of Radiological Medical Science, Seoul, Korea. The cells were maintained in complete media at 37℃ and 5% CO~2~ in a humidified incubator (Thermo, Marietta, OH, USA), and passaged at a 60-80% confluence to avoid cell overgrowth.

PBMC cytolytic activity assay
-----------------------------

The cytolytic activity assay was done using CytoTox 96 Non-Radioactive assay kits (Promega, Madison, WI, USA). PBMC effector cells were prepared in 2 different ways. In the conventional method, 5 × 10^5^ cells were counted and prepared for analysis, while in our \"simple\" method, 500 µL blood samples was analyzed in the absence of cell counting. 2 × 10^4^ K562 target cells were mixed with different populations of the PBMC effector cells in triplicate and cocultured in 96-well round bottom plates for 2 hours at 37℃ in a tissue culture incubator. Subsequently, reaction plates were centrifuged at 250 g for 5 minutes, and 50 µL of culture media was transferred into a 96-well flat bottom plate to perform the lactate dehydrogenase-substrate enzymatic reaction. Optical density was measured from the reaction, and cytolytic activity was calculated by the following equation:

Cell staining and flow cytometry analysis
-----------------------------------------

The remaining 400 µL of PBMCs from the cytolytic activity assay were used for staining with fluorescence conjugated monoclonal antibodies (mAbs) (BD Pharmingen, San Diego, CA, USA) to analyze NK cells. Fifty mililiters of PBMCs were labeled with Fluorescein isothiocyanate conjugated mouse antihuman CD3 mAbs and phycoerythrin conjugated mouse antihuman CD56 mAbs for 20 minutes at 4℃ in dark room and then washed in PBS with 4% (v/v) FBS by centrifugation at 350 g for 5 minutes at 4℃. The cell pellet was resuspended in 200 µL of PBS and assessed by flow cytometry (BD FACScalibur, San Jose, CA, USA). Data were analyzed by using CellQuest pro software (BD, San Jose, CA, USA).

Statistical analysis
--------------------

Data were analyzed using the IBM SPSS ver. 18 (IBM Co., Armonk, NY, USA). First, a Kolmogorov-Smirnov test and a Shapiro-Wilks test were performed to check whether all variables conformed to normal distributions. A Student t-test for a Gaussian distribution and a Mann-Whitney U test for a non-Gaussian distribution were used to determine the significant differences between groups. A P-value less than 0.05 was considered to be significant.

RESULTS
=======

Clinical characteristics
------------------------

Ninety-four patients (the patient group) with CRC and 112 healthy donors (the healthy group) were categorized by gender and age. The mean age was 51 years for the patients and 61 years for the healthy donors. The patient group consisted of 64 males and 30 females, and the healthy group consisted of 58 males and 54 females. The patient group was further classified by using the TNM staging system in order to investigate the association between cytolytic activity and cancer progression ([Table 1](#T1){ref-type="table"}).

Cytolytic activity in CRC patients by using a simple method
-----------------------------------------------------------

Comparing our simple method to the conventional method of cytolytic activity measurement, we examined whether our simple method would be significantly useful for evaluating the activity of immune cells circulating in the blood of preoperative CRC patients. In the beginning, PBMC cytolytic activity against K562 cells was tested in both the patient (n = 18) and the healthy (n = 18) groups by using the conventional method. The mean value of the cytolytic activity for the preoperative patient group was significantly lower than that in the healthy group (6.45% ± 1.80% vs. 12.70% ± 7.70%, P \< 0.001) ([Fig. 1A](#F1){ref-type="fig"}). Simultaneously, PBMC cytolytic activity in the same cohorts was tested by using our simple method. The mean value of cytolytic activity for the preop patient group was also significantly lower than that in the healthy group (8.29%±2.12% vs. 17.81±9.57%, P \< 0.001) ([Fig. 1B](#F1){ref-type="fig"}).

Cytolytic activity in preoperative and postoperative patients
-------------------------------------------------------------

Next, the cytolytic activity of immune cells circulating in the blood of CRC patients was explored to examine the influence of the surgical treatment. The cytolytic activity was significantly lower for both preop and postoperative patient groups than for the healthy group (8.82% ± 3.84% and 9.95% ± 4.94% vs. 17.02% ± 9.71 \#x0025;, P \< 0.001). However, no significance difference was observed between the preoperative and postoperative patient groups (8.82% ± 3.84% vs. 9.95% ± 4.94%, P = 0.326) ([Fig. 2](#F2){ref-type="fig"}).

Phenotypic changes of NK cells and lymphocytes in patients
----------------------------------------------------------

On account of the significant difference in the cytolytic activity between the patient and the healthy groups, we analyzed the phenotypic characteristics of CD3-CD56+NK cells, lymphocytes, and white blood cells to examine whether cellular changes could cause a decline in the cytolytic activity in the CRC patient group. NK cell numbers were not statistically different between the preop patient group and the healthy group (397 ± 253 cells/µL vs. 320 ± 133 cells/µL; P = 0.152); however, the percentage of NK cells was significantly increased for the preop patient group compared to that for the healthy group (19.97% ± 11.51% vs. 19.33% ± 9.83%, P = 0.041). Likewise, lymphocyte numbers were not different between the preop patient group and the healthy group. However, the percentage of lymphocytes was significantly decreased in the preop patient group compared to the healthy group (28.41% ± 8.31% vs. 36.4% ± 8.60%, P \< 0.001). On the other hand, the numbers of white blood cell were not different between those two groups (7,346 ± 2,076 cells/µL vs. 7,231 ± 2,058 cells/µL, P = 0.734) ([Table 2](#T2){ref-type="table"}).

Association between CRC and other clinical variables
----------------------------------------------------

We examined the relationship between CRC and other clinical variables by using a multiple logistic regression analysis. We observed that CRC was significantly associated with age (odds ratio \[OR\], 0.905; confidence interval \[CI\], 0.867 to 0.944), cytolytic activity of PBMC (OR, 1.519; CI, 1.326 to 1.741), percentage of CD3-CD56+NK cells (OR, 0.942; CI, 0.891 to 0.997), and percentage of lymphocytes (OR, 1.095; CI, 1.033 to 1.160) ([Table 3](#T3){ref-type="table"}).

Cytolytic activity for different tumor stages
---------------------------------------------

The cytolytic activity of immune cells circulating in the blood of CRC patients was analyzed according to the TNM classification. However, we could not find a statistically significant relationship between cytolytic activity and tumor stage (data not shown).

DISCUSSION
==========

Conventional *in vitro* measurement of cellular cytolytic activity is a practical method for evaluating cellular activity and can be used to indirectly determine cellular immunity. However, this method is based on an artificial process in which effector cells and target cells are calculated by cell number optimized empirically in the laboratory, and then mixed in a certain ratio in reaction vessels. Although this is useful to some extent, the results from the conventional method do not accurately reflect true cellular immunity, because the immune cells and their target cells in the blood stream do not encounter each other in this manner.

In this context, we hypothesized that the measurement of cellular cytolytic activity by using a simple preparation of PBMCs and considering circadian fluctuations of the circulating blood immune cells might be an alternative method for evaluating the immunity of intact blood cells. Thus, we made an actual environment in which actual immune cells per se, in the blood, could encounter their target cells so as to assess the cytolytic activity of immune cells circulating in the blood. We analyzed the absolute numbers and the percentages of the lymphocytes and CD3-CD56+NK cells that play key roles in the reaction, since the number of PBMCs obtained from each subject varies according to the precise physiological conditions \[[@B14],[@B15]\].

Our results showed that cytolytic activity is significantly reduced in the patient group compared to the healthy group. However, no significant differences in the absolute counts of lymphocytes and NK cells in the blood were identified between those two groups. This finding indicates that the activity of immune cells, including NK cell, in the blood is impaired in CRC patients, which is in agreement with the results in previous reports on cytolytic activity measurements performed by using the conventional method for various types of cancers \[[@B16]-[@B18]\].

Notably, we found phenotypic differences of CD3-CD56+NK cells and lymphocytes between CRC patients and healthy donors. This finding suggests that the defective cytolytic activity of circulating blood immune cells might be associated with phenotypic changes in the blood immune cells. In addition, multiple logistic regression analysis indicated that examination of cellular phenotypic changes combined with measurement of cytolytic activity can be used to functionally discriminate cancer patients from healthy individuals. In fact, many immune diseases are accompanied by changes in blood lymphocyte subsets during disease onset and progression. For instance, a decrease in CD4 helper T cells is vulnerable to human immunodeficiency virus infection \[[@B19]\], and the turnover of CD8 cytotoxic T cells and NK cells is related to several types of viral infections \[[@B20],[@B21]\].

A limitation of this study was that we could not investigate the relation between cytolytic activity and cancer recurrence, because our study was performed for only one year, and this period was relatively short in acquiring data. However, we plan to address this issue and hope to have sufficient data to analyze in the near future. Another limitation lies in the fact that we did not asses the fitness of the patients with respect to surgical treatment that might influence immune status, because many studies have reported on surgical stress and immune suppression \[[@B22]-[@B24]\].

In conclusion, we demonstrate in this study that circulating blood immune cells of CRC patients are defective in function and phenotype, and that our simple method of cytolytic activity measurement, in combination with an analysis of the cellular phenotypic change, is useful for evaluating cellular immunity in CRC patients. Therefore, we suggest that a cellular functional assay should be run parallel to phenotypic assay in order to better understand cellular immunity. This report is our first step towards understanding cancer immunity, and a further large-scaled study is currently underway to clarify the role of the immune system in cancer.
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Characteristics of the study groups
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Values are expressed as number (%) unless otherwise indicated.

SD, standard deviation.
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Analysis of circulating blood immune cells in the patient and the healthy groups
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Values are presented as mean ± standard deviation

^a)^Absolute count per blood microliter (cells/µL). ^b)^Percentage in lymphocytes (%). ^c)^The statistical difference between preoperative patient and the healthy groups (Mann-Whitney U test).
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Risk factors for colorectal cancer by multiple logistic regression analysis
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b, regression coefficient; SE, standard error; OR, odds ratio; CI, confidence interval.
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